I -INTRODUCTION The aim of this study was to produce a ceramic in the system mullite -Zr02 and to investigate its thermal shock resistance. Ceramics of this system can be made by sintering mullite and Z r q or /l 1 / by reaction sintering after equation ( 1 ) /l /. In this study reaction sintering was prefered since mullite could not be sintered to a satisfying density/l3/.
(1 ) 2 Z r 9 *Siq + 3 A12 4 + 3A12 4 *2Siq + 2Zr02
The reaction given above was investigated in detail by Rupo, Wallace and others /1,2,3,8112/-The ceramics produced by reaction sintering have two main preferences: 1st a very low thermal expansion because of the high mullite content (50 weight%) and 2nd a higher strength due to transformation toughening, which is caused by finely dispersed tetragonal stabilized Z r 4 particles. The fact of transformation toughening in ceramics is well known for some time now /4,6/. Stabilization of tetragonal ZrQ in a mullite matrix was examined in detail by Wallace /12/ and Claussen /3/, who found evidence that the content of the tetragonal phase has a great influence to the strength in such ceramics. According to Hasselman /l0 / and Nakayama /9/ the improvement of these two properties, thermal expansion and strength, should have a positive effect to the thermal shock resistance to these ceramics. Further attempts in order to improve the thermal shock resistance were made by producing microcracks into the microstructure by inserting additional monoclinic ZrO2 and to lower the thermal expansion by using several grain fractions. Theoretical conceptions were discussed by Claussen /6,7/.
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Mullite -Z r O ceramics were produced by r e a c t i o n s i n t e r i n g a t 1550 OC a f t e r equation (1 ) .
2
The s t a r t i n g powders ~l 2 0~* , zircon+, and 2ro2# were mixed f o r 12 h i n a p o r c e l a i n m i l l with A1203 b a l l s i n isopmpanol without having a remarkable g r i n d i n g e f f e c t . Mixture r a t i o s (molar) of 1 . l , 1.5, 2.0 A1203/zircon ( i n one case with -0,-additions)
were examined. The d r i e d suspension was crushed and granulated by s i e v i n g and subsequently i s o s t a t i c l y pressed a t 170 MQa. These samples were s i n t e r e d f o r 6 h a t 1550 O C (heating r a t e 20 'K/min), some of them had been p r e s i n t e r e d f o r 1 h a t 1400 "C, which was below r e a c t i o n temperature. Fig. 1 shows t h e time -temperature curves of used h e a t i n g programs.
After s i n t e r i n g t h e thermal expansion c o e f f i c i e n t , MOR (RT), r e a c t i o n progress and thermal shock r e s i s t a n c e a f t e r Hasselman were determined. The MOR was obtained a t b a r s of 3*5*33 mm3 by t h e t h r e e p o i n t bending method with a crosshead speed of 0.1 mm/min. The r e a c t i o n progress could be determined by XRD and t h e thermal expansion c o e f f i c i e n t by a l a s e r d i l a t o m e t e r . Thermal shock r e s i s t a n c e a f t e r Hasselman was i n v e s t i g a t e d by measuring MOR (RT) of samples quenched i n water. The m i c r o s t r u c t u r e was determined by SEM on thermal etched (1 400 'C, 60 min and polished samples.
I11 -RESULTS AND DISCUSSION
The r e a c t i o n a f t e r 6 h s i n t e r i n g was complete f o r t h e mixture r a t i o s A/Z 2.0 and
.l . Using t h e s t o i c h i o m e t r i c r a t i o A/Z 1.5 t h e r e a c t i o n progress was n o t complete,
even a f t e r giving t h e m a longer s i n t e r i n g time, i n s t e a d an equilibrium was e s t a b l i s h e d . The d e n s i t y of t h e ceramics was between 88 -92 % of t h e t h e o r e t i c a l d e n s i t y . Approximately 30 W/% of t h e ZrO2 i n t h e samples turned o u t to be t e t r a g o n a l s t a b i l i z e d , which was determined by a formular a f t e r Garvie and Nicholson /5/.
The p r e s i n t e r e d samples (PS -program) showed two M s ( m a r t e n s i t e s t a r t ) - 
I t seemed t h a t t h e PS -samples were a b l e to keep up t h i s g r a i n s i z e s e p a r a t i o n , t h i s
way a mechanical f a s t e n i n g of t h e z i r c o n p a r t i c l e s could have r e s u l t e d during t h e p r e s i n t e r i n g . Due to t h e s e two MS -temperatures t h e thermal expansion c o e f f i c i e n t of t h e PS -samples was lowered i n t h e range between 500 "C -1000 "C, which had a p o s i t i v e e f f e c t to t h e thermal shock r e s i s t a n c e .
The f l e x u r a l s t r e n g t h s were i n t h e range between 200 -350 MPa.
A s t h e c o n t e n t of t e t r a g o n a l s t a b i l i z e d -02 was r e l a t i v e l y small, t h e transformation toughening e f f e c t could n o t be examined.
Nevertheless abrading t h e s u r f a c e r e s u l t e d i n transforming t h e t e t r a g o n a l Zr02 p a r t i c l e s , which had a s t r e n g t h improvement i n consequence. 80% < 1 Opm (monoclinic) Nakayama /9/ and Hasselman /10/ proposed two concepts to improve t h e thermal shock r e s i s t a n c e : 1. Increasing t h e s t r e n g t h i n o r d e r to suppress t h e f r a c t u r e i n i t i a t i o n 2. Increase t h e toughness, which hinders t h e crack propagation Fig. 4 shows t h e r e t a i n e d MOR of produced ceramics without a d d i t i o n a l WO2 a s a function of t h e i r quenching temperature d i f f e r e n c e . R e l a t i v e l y small temperature shocks caused a remarkable s t r e n g t h decrease, which was a t y p i c a l c h a r a c t e r i s t i c of high s t r e n g t h fine-ceramics ( p.e. A 1 O3 /9/ ). The 2nd concept, i n c r e a s i n g t h e &ughness, appeared to be achieveable by Zr02 a d d i t i o n s . I n v e s t i g a t i o n s showed a f u r t h e r decrease of t h e thermal expansion c o e f f i c i e n t , Tab. 1 and Fig. 2 , and a m i c r o s t r u c t u r e with more microcracks than i n conventional ceramics, which explained t h e higher r e t a i n e d s t r e n g t h , Fig. 4 .
Nakayama determined t h e r e t a i n e d s t r e n g t h f o r c e r t a i n i n i t i a l crack l e n g t h s t o be -l /G, which meant, t h e high r e t a i n e d s t r e n g t h could be caused by low i n i t i a l s t r e n g t h s a s well. The thermal shock resistance of the examined -02 -mullite ceramics showed the same characteristics as other dense fine ceramic materials meaning great strength decrease after relatively small temperature shocks. Additional Zr02 and a wide grain size distribution of the present Zr02 effected a strong decrease of the thermal expansion (cooling) having a positive influence to the thermal shock resistance. Furthermore there was no remarkable effect of transformation toughening to the thermal shock resistance. Presintering at ca. 1400 ' C before the actual reaction sintering stabilized the initial grain size distribution of Zr02. 
